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Statins Alter Lipid Bilayer Properties
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1Weill Cornell Medical College, New York, NY, USA, 2New York-
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Fayetteville, AR, USA.
Statins are widely prescribed to manage hypercholesterolemia. Statins exert
their primary mechanism of action by inhibiting the HMG-CoA reductase,
thereby preventing cholesterol synthesis. In addition to this canonical action
they also alter the function of diverse membrane proteins. Because statins
are amphiphiles that modulate the function of different, structurally unrelated
membrane proteins, we investigated whether statins could alter lipid bilayer
properties at concentrations where they alter membrane protein function. To
this end, we used the gramicidin-based fluorescence assay (GBFA) as well as
single-channel electrophysiology. We found that atorvastatin, fluvastatin,
lovastatin, mevastatin, pravastatin, pitavastatin, and simvastatin all increased
the rate of fluorescence quenching, meaning that they shifted the gramicidin
(gA) monomer dimer equilibrium toward the formation of conducting dimers.
Statins thus alter lipid bilayer properties, with fluvastatin being the most active
and rosuvastatin the least active. When examined using single-channel electro-
physiology, simvastatin, pravastatin, and fluvastatin increased the lifetime and
appearance rate of gA channels with fluvastatin being the most active and pra-
vastain being the least active. We observe larger effects on the shorter channels;
the hydrophobic mismatch dependant effects indicate a change in bilayer
elasticity. We conclude that statins alter lipid bilayer properties by a common
mechanism, an increase in bilayer elasticity (independent of any changes in
membrane cholesterol concentration) and that specific channel-statin interac-
tions need not be the sole mechanism underlying the statins’ actions on
membrane protein function.
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The interaction of amphiphiles with biological membranes is of fundamental
importance in the areas of biochemistry and pharmacology. Both the equilib-
rium and kinetic parameters are relevant as they determine the distribution of
the amphiphile between the different phases (aqueous and membrane fractions)
and the rate of permeation through the membranes.
Isothermal titration calorimetry (ITC) is a well established technique in the
characterization of the equilibrium interaction between small molecules and
proteins but it has been less often used in the study of interactions with mem-
branes. This is mainly due to the plasticity of the lipid bilayers that change their
properties as they are loaded with the ligand, resulting in titration curves that are
difficult to analyze and lead to apparent parameters that are dependent on the
conditions studied. Recently we have defined the conditions required to obtain
simple titration curves that may be analyzed with simple partition models and
lead to the equilibrium parameters for partition to unperturbed lipid bilayers (1).
In addition to the equilibrium parameters for the interactions, ITC may give
information regarding the kinetics of the processes involved. This important
capability of the technique has however been essentially unexploited. The ex-
cellent sensitivity and stability of modern ITC equipments allows the quantita-
tive characterization of the kinetics of processes occurring in the time scale
of several minutes and has been used by us to obtain the rate constant for the
translocation of chlorpromazine through lipid bilayers in the liquid disordered
phase (2). Unpublished results obtained recently for the interaction of several
amphiphilic ligands with lipid membranes will also be shown.
(1) MorenoMJ, BastosM, Velazquez-CampoyA, Anal.Biochem. 2010, 399,
44-47.
(2) MartinsPT, Velazquez-CampoyA, VazWLC, CardosoRMS, ValerioJ, Mor-
enoMJ, J.Am.Chem.Soc. 2012, 134, 4184-4195.
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Nystatin (NYS) is an antifungal agent that preferentially forms ion channels
in membranes containing ergosterol (ERG) or cholesterol (CHOL). In phos-pholipid bilayers ERG or CHOL segregate into ordered (Lo) and disordered
(Ld) domains. We prepared POPC bilayers containing ERG mol fraction
0.18 % cERG % 0.28 separating two chambers containing 150mM KCl solu-
tions. We imposed a potential of 50mV across the bilayer and introduced
NYS molecules into the reference chamber, which was stirred at 4Hz. The
NYS molecules adhered to the bilayer and formed channels on the boundaries
of the Lo domains, as we have shown previously. The resulting bilayer current
increased in a series of log-linear sections. A plot of the rate constant for initial
NYS channel formation against cERG revealed prominent spikes at cERG = 0.19
and 0.25. These correspond well to the dips in dehydroergosterol fluorescence
observed by P. L-G. Chong, which he understood in terms of a superlattice. We
conclude that the initial channel formation rate depends strongly on Lo domain
structure and propose a semi-empirical theory for the first two log-linear
sections of the bilayer current.
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Cholesterol is an essential component of mammalian cell membranes and it
is important to regulate the structure and function of lipid bilayers. Changes
in cholesterol levels are involved in many physiological and pathological
events such as the formation of arterial plaques, viral entry into cells,
sperm capacitation, and receptor organization. Determination of cholesterol
trafficking and distribution is essential for understanding how cells regulate
cholesterol activity. A cholesterol probe capable of distinguishing changes in
cholesterol chemical activity within membranes would facilitate investigations
in this area.
Perfringolysin O (PFO) is a cytolysin secreted by Clostridium perfringens that
requires cholesterol in the target cell membrane for binding. The specificity of
PFO for high levels of active cholesterol makes the toxin a potential tool for the
detection of cholesterol distribution and trafficking. In an effort to adapt PFO
into a molecular probe capable of sensing changes in membrane cholesterol
activity, we have taken a non-lytic derivative of PFO and introduced several
point mutations in the membrane-interacting domain 4 loops. These mutations
altered the threshold of cholesterol concentration required in the membrane to
trigger binding.
The cholesterol-dependent binding of each PFO derivative was tested on model
membranes containing different amounts of cholesterol. Three PFO derivatives
were selected to test their binding to macrophage plasma membranes. These
three derivatives showed differential binding to cell membranes treated with
b-methyl-cyclodextrin/cholesterol mixtures. Our data showed that the pro-
duced PFO derivatives differentially bind to model and biological membranes
containing different cholesterol activity (or accessibility).
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Introduction: Macrovipera lebetina obtusa belongs to sister clade of the Mid-
dle East complex within the monophyletic Eurasian Vipera genus. This snake is
responsible for a number of bites in western Asia every year, and should be con-
sidered as dangerous. Proteolipids are a type of lipoproteins in which lipid ma-
terial forms more than half of the molecule solubilized in organic solvents
(chloroform/methanol/water mixtures) and have the solubility characteristics
of lipids. GUVs are ideal for studying protein/lipid and lipid/lipid interactions
due to their size (similar to that of cells) and to their ease of observation by op-
tical microscopy.
Method: Proteolipid fraction was separated from the bovine brain by the Folch
method. Proteolipid GUVs (mean diameter 30 mm) are formed with the elec-
troformation method as developed by Angelova and Dimitrov. GUVs have a
minimum curvature and mimic cell membranes in this respect. We formed pro-
teolipid GUVs in the solution of Macrovipera lebetina obtusa (MLO) venom
(final concentration 3*105M). Images were collected on an epi-fluorescent
microscope FM320-5M (AmScope, USA). The GUVs were visualized with
ANS fluorescent probe.
Results: While GUVs filled with proteins are more stable and there are little
increases in size, the GUVs filled with fewer proteins are deformed, not stable.
They diminish during 25 seconds, and eventually pull in and dissolve (instead
of the usual vesicles formed from phospholipids). The same effect is seen, when
MLO was added after GUVs formation.
